Searching PA J 



1/2 'N— v 



PATENT ABSTRACTS OF JAPAN 



(11 publication number : 2001-077346 
(43)Date of publication of application : 23.03.2001 



(51)Int.CI. 



H01L 29/06 
G03F 7/40 
H01L 29/66 
H01L 29/786 



(21 Application number : 11-252894 
(22)Date of filing : 07.09.1 999 



(71 Applicant : SHARP CORP 

(72)Inventor : ONO KIMITAKA 

INOUE ATSUHISA 
FUJIOKA KAZUSHI 



(54) SINGLE ELECTRON TRANSISTOR AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a single electron 
transistor which is capable of operating at a room 
temperature and kept uniform in characteristics and the 
manufacturing method of the same. 
SOLUTION: An oxide layer is formed on the surface of 
an SOI substrate through such a method where the 
surface of the SOI substrate is scanned applying a 
voltage between the probe of a scanning probe 
microscope and a specimen in an atmosphere of relative 
humidity 20% or below. Taking advantage of the fact that 
the surface of the oxide layer is different from that of an gf 
unscanned region in properties, the substrate is m 
immerred into a solution which contains organic 
molecules, by which an organic monomolecular layer 8 is 
selectively formed on the unscanned region. Thereafter, 
a selective etching treatment is performed on the 
surface of the SOI substrate using the organic 
monomolecular layer 8 as a resist, by which a source 
electrode 4, a gate electrode 5, a drain electrode 6, and 
aligned silicon islands 7A of nanometer size are formed at the same time. 
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jfc* ^ffiS-T 5 4r*"T * - t SrWflk io 
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[0 00 1] 
[0 0 0 2] 

^ilfitl^IK^t 5 Pp 6 !]^ b BH» S 4%ft fttitt 
ft&ftt^o ^©gii:ft^ULS iRiffc ±<tUT»» 

IX ft fz 0 Uft*s & , T(T7) t* y 
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[0003] it^h^y^^im &m 

«u &<0(l) — (4)fc<0a s *><5. 

(1) Fulton ^DolantCt -5 r 2l«>t K9*#fefc <t 9 
fWlLfc«(Phys. Rev. Lett. 59(1), 1987 P .109)J 

(2) Chen b <0 mftffim^ fcT- i 

5 nm,46^4 0 nm^)^t 10 
W(Appl. Phys. Lett. 66(24), 12 June 1995 p. 338 
3) J 

(3) Kieinb{-^5 rty y-^t-f x^y-^Si, 

MT J (Multiple Tunnel Junction) £rfl2/& LfcHW (Appl . 
Phys. Lett. 68(18), 29 April 1996 p.2574)J 

(4) LangheinrichibtwJ:^ fAu PdO^y 17 ^T±CO 

X* £ ^{c flS^f $ * 5 r <Jr X- A u P d <D A £ fl&ft 6 x *r 
yZft 9 *#&:&m\<^XJ&f&l,izmUpn. Appl. Phys. 20 
34(Ptl, 12B) 1995 p. 6956) J 
[0 0 0 4] ^M^^yn^)^*!^ 
h7^^^*^tt^ ftW(5),(6)Ot>^fc5. 

(5) Alibis oti^^ilfc T S O I (Semiconductor 
on Insulator) £*fi & JB (/ > S i WMA^ACCJ: 6 ^ — 

n^ny^r— KIR 1 ?- (Appl. Phys. Lett. 64(16), Apr 
il 1994 p.2119) J 

(6) ^mb^x^xmm^titc W 0 '>y3yty 

Istf-mm^ Wr?-* *y (IEEE TRANSACTIONS ON 
ELECTRON DEVICES, 41 (9) September 1994 p. 1628) J 30 
[0 0 0 5] 

(l)-(6)(^*t^ h^y^^^^ftli^^tt)^ fi£ 

(a) UV1I y^^^-C — (Ultraviolet Light Lithogra 
phy)-Cf*, **M*tf>tt*<0 1 5 OnmSSU^IKIB^ 

(b) F I B (Focused Ion Beam)T^i. iRS £ it 58$? 

(c) EB!Jy^77/f- (Electron Beam Lithography) 40 

^-p y^p ^ K^MtSWK ^ 
S.(J. Vac. Sci. Technol. B16(6), Nov/Dec 1998 p. 38 so 
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[0 0 0 9] 

[W«rilBfct8t«)<Of»] ±EI»ti*tSfc 
^mM<omm^- h9^**fi* y— K 

J; 5 fc:±fBy-;*«ffi£ -bfE K W ySi^p B li^M 
[0 0 10] ±E#*<o*«T-h9^^^J!iJ:*ttf. 

-lie y- kl^>t ^mMt^j^m±i^m^<oN\ 
m%fortxm&]^z£5\zi&i&£tiitm&<D^ft<DB 

5. y-*B«£^#<0ft£<oPfl. Ki/>fy«ii* 
y*/M»ii:4Sp ±fB*¥*flOTAfcl«<D« J F* s * 

^-o^p^- K^Mts^s y- 
Ai-y- hmmfrbmft&muztix^ b> 

<Dm\z&*mft<Dg,&fri,xm t mmthZa u^^ 0 

£bi-> ^*^ior^<»(2o 
J^±)^-<fc#^, h7^^^W^^ryf^8 
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[0 0 11] -SUfiJgffl^*«^ h7^X^ 

a<£>*:* <^^ffiS:iRa-r5^r«m^B^*"r6 - <^ * 

[0 0 12] ±IEjU6^ffi^¥m^h7Vv?^^^J:tb 

[0013] * fc, -3afiJ01S<&»«rF- h7^^ 
fi. ±Ey-*««£±E¥»#a>A£<E>IW* ±IBKU 
^>«fc±E¥»tt<0»i:«>WL *ij:t* PWfr«± 
SS^#*coA^Pa^5>Sli-6T*ffi3BUi^*-r5^i:t: 

[0 0 14] ±IBHlfi«ffi<om«^ V7^i?*9\^&tl 20 
[0 0 15] -^MffitO#I^h7yv>^^ 

fi. -htay-^®ffiifi^Jifa^frcoAt-hfsy-^ 

Ht£ frtttt U ±E K M ^m«5S»^ -tE*«*^ 
AfciEKM^WSfcfcSNKU B»i-*-bE¥#* 
wAra±«rSNKi--5**fl:Sfc****L, ±E¥#fr* 

M^t5 0 30 

[0 0 16] ±|B^*«ffi<D*«^ h7^^iatl 

rf, ±iay"-^«Bffi««)*«#a)Ai:y-^««fc*: 

MRU iEK^y«BaW)*«#o*fc KW^ 
^A^^:# S<t r> fc/hSi^-C, fifffth^KIfc 

[0 0 17] -wtmm&>wmfrYv^*s*s9 

fi. ±Ey-*«ffi£iE¥*flwA£<aWL ±ISKU 
W^««fc±EM^i*oAi<BRk isJH*. B»-T5± 40 

a <a ra 6 &*u§ ^tn^t ft mft 
[oois] ±ie^js^«so#®t- h7^^ian 

tf, ±Ey-*«ffi£^f*^A£oFp^ KMyili 

[0 0 19] -^S»»lfh7y^^ 
tt, JiE¥*&fr«0Af*, ISl-3 0nm<OR^6(O 

S:«F»i:r5« 50 
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[0020] a*, y 3 mt* 

^ — D^^cr y^r- KS»*dM#e>nSP3^A<0Hffitt 
lOnm^nfto, A^I*«Ma s *#<*SK4f 

[0 02 1] *t ^(D&WO&m^ h7^i>X*<DM 

lC^»IH^j^(:|jRni:lCffl 

[0 0 2 2] _LE*@^ h^^^^oKig*fe^<tn 
tf. fi«M2 0%HT©#i«t?, a>o x Sffifc:* 

b<nmz.ffifenfe*m\\\^tz$$&x\ Wish?*-? 

^aHWk-r*. #ct-. ±EM^fl*K#IMt£frfcMR 

^w^^^^^^^ms-r^r.^icj:^. y-* 
#ji^®<7)**^i«(-m k ■ y- h#ig^»fri±y 

^ □ d y tfiT/u^ ^ y ;H^^>^ < 

KS^^t6^®«^^i^ti^^^ o o > y /u 
^ 3 IT, y— KM ^WKsJ:!^-^/^ 

hirUTfflv^T. y— KM ^«ffi*3J:^ir 

*/w««(*-f k • h«ig^»&«y- h«««:fr 
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y^/^^ft^ft^^Ct^ K • y- h*ig 
AFMWJ^p-^iasty y yy^y^-stfff 

ftWStf bo# j&s/h £ t h7y^^ Sr«Sie-C# 

3WB«K^o±E***» w««S:^*3i y y J: 
[0 0 24] ±IBHJBJgffi^*«T- h 7 y * 

[0025] £/t s r^^ii^- h^y-y^^cD^ 

«/J^o— J: <9 ±E¥W«iSffio0rS<7v**-y 30 
LT. y-^t»,Ki/>fyl»3J:t«l 

^ ^ * /w«*fi ttez^z mm$M<D ±te*m»m =» 

Mi:±E«m»fS*5lSi:, _LE¥»<W1* 
ftftf xyf y^iij: t)R4t5l8i, ±E#«#*- 40 

[0 0 2 6] ±E#«^h7y^^^^»iS*j5fe^<ttt 
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x, y-xmm. h^^>mM^xxj^mi^<o^^^/um 
mttez^mmv-t k • y- h»5g«>»^f*y- k 

y ^yjl<7)#^ N ^ n n-yy /i^^fcteT/u^v-yy 
««r«»T6»t-C. *JB»iyy 3V»«ffio*3fe*« 

^ppyy /us* fcfir/u=i ^^y y /usassRttWfc 

t«»tt<D^-r^/u««(^>f K • y- hflBfo^fcty 

^wm^T-tt* y ^ h £ LTffl^r. y-*m®, k 
w ^nM^xxj^m^(D^^/umm^ k • y~ h 
»j£<7>#^#y- h««*«tf)K^o*»*«^«B« 

±E*m j F-H9v^^^«a*«fe-ctt. y-* 
/^mm^-^ k • y- h^it^^y- h 

<t5tyy y^77^-g«tfflKi^:J:i!:J:o 
X, ffcsfeoy y^^y><-iwit-<rffi^Til5v^^|g^ 

a mini "C # . mrnxm^m *«Mtf* & o # ^ ^ ^ 

[0 0 2 7] 

7 y y^ ^ (Dm^m^^xfazm^Zo 

[0 0 2 8] l/^h/^-^tlta 
(Rnm(Oj||i|8r-)l-*ffi«:»<bS^:T, SOIIfiSffi 
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zfso im&&&vm<nmn(Dm*mmfro-2 o% 

aT^**Ct4:tl*LTi3 5, £f£ L< fiO ~ 1 0 % 
J: tf^Mry ^^«f^tfcKWSfi?tt3& s (S^«flc 

[0029] _he««-* s o i £ttnatt#i£Mfcflsi£ 
ft < 1 1> i o*i-s*«M>^*s***tfc»«*^«at-r 
Mmgtk-rztsm&m^ztK mmfr^mm&imMtf 

* i ^*«-e *>*x tf«Ig f^P^ fc> ft </ \, 

[0 0 3 0] _L1E*1&#^ £> 3 ftfeOfc^m (TK^S) 
<>^W#6 / i-|6£(SiCl3^>(CH20H)3)^< oo 

»t*rfc-e % s o i ifi^ti^^^t i^?f fi 

tt h ^ a o*xT y ^>7V [CH3 (CH2)i7 Si 

ci 3 ] *fla^fc«^^>sj£«;tt. 

CHs(CH2)i7 SiCls+ 3 OH" -> 3HC1+CH3 
(CH2)i7 SiO'3 

£ft3o Lf:^ot, *«S^ft^*ffi«x 
©^bft^C^^ft-5^:^, 

«Of8ft»ft**Sr J8 ^ S <b . 7 T >*ffr V -/U* (Van 
del VaAs)X*ttttm±to&im9\Z£*)ft*& 

mzStA,1£*m*fr¥-mk ft £ ( £ <D*»*^«t*r i 

[0 0 3 1] ^y^^^fiMt S O I 

?-fZ>k. &ftk SO imfok<Dm<DmRfiltiMz£<>X 

ht?«*stfci/>ftt^>y =>-b 
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[0032] ±E«*<b*fias^j:6aR*y*'^^a8 

j^ki&mit^m<om^m^m^hti^. u&>u 
io mvLfrFmisi?* b&Mmt-rvus}) =is*^«/*^s# 

[0 0 3 3] ±IB««^KJS^J:S^2/^^^ 

^g&JB^fc^S,^^^ LT(i, R I E (Reactive Io 

n Etching : *>>^y^i/#)m*m.m$iriz><> 
z<om&(Djfx<D&mki,xfc. yi\LWMkmm<D 

20 (/\ 

[0 0 3 4] r^^<75»«^h7V^^*3«t 

[0 0 3 5] (JBHHKBflB)Hlf4w«>»W«>*16^)- 

jes^y =a^3HR2jifc**sttfciMb^y ^>ii3± 
tKK^tS6^ttix^, ±i5y~-^m^4 

ic, y-^m®4 <bi/y ayfi7 AfcSrSBKU KM 

^ft7A^Pfl*S«"r6 hy*/H»»J:tt«)$/y3 

yKWRtt 7 B r-^ir 7 «r«A UT ^ 
3„ ^Lt, ±fBSKb'>y =^B3±(w. ^-r^/^m^ 
7 \zm^ft^m7£<DfflM*3brtX 7- hm«5*:*rilL 
TPS, ^tc n ±SEy-^«ffi4 h«ffi5. Kl^>f 

40 y iffi 6 ^ ^ t>*f t 7 <z) y =i y & 7 a li, 2 

®Bi6 .i/y =«yft7 Afc<ttf^y = ^»^s«7 b_l 
*a j ?»i-< tet^vy^ y»«««7Biwti» 

[0 0 3 6] ±IE»^<0»«^h7^^^f-J:^tf. 
y-^mffi4i: KM ^«K6i:*:*-8iiWI±^Bf^ 

faiHSrfettTS^j-rs «t 5(-^sttfc4o<7)'>y 

50 (D|7A^, ^-oy^oy^r- K«r*»BllBft«-^+ 
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^XCf^^^iaot, #->y 7 Aj&s«-7-H 

<offfl, KW >WM6 t isV ^s<r>%7 At^Pfl, *5<fc 
V. IWt 8 5/ y a yo* 7 A©B©i/ y 3 y*«K 
7B# hy*^ltti:45, ±!E«->y3yoft7AH 

m-rst. v-*wma t K^ytS6 tcowicmm 

5o Itx ±B»5^y 3^S7 Atcy— hti4d' 

tf>A 7 A£^h UT««£*5 jEttSo 
[0 0 3 7] UfctfoT. ±lB'>y 3^&7 A<D±% 

[0 0 3 8] 0 2(a)—(c)fi±f5m«^ h7>^^^ 20 

[0 0 3 9] £AT, ±IB*«^-h7^^^^»jg^ft 
*:H2^«oTB«lliiK«i-*. 3£«tt. IMS* 

v-y 3ySS2±lr»ftv'y 3yf3 Jli/y^yf 
9^§tlfcS0lSfi^^ 0 ^^SOlSStO 

A LtSHBlt-73:-;ut$ ^ i: I: J: U Kft y 3 y 

£if£HK ■Mb«ffiSr»tP«-e?^^»&S:fi L i\ Si 30 

■r-S^ft^^flc-Cfc t) . rW54SOI astRttSOITEC 
tt*SiB0MDtt*^6JI«A^ri|-e*>*« ±ESOIlK^ 

[0 0 4 0] _tlSSO H«WMi/y 3^»-9*:JR» 

^i§^tx, 7 5/ftry^*Aia5soiafis 
[0041] ±iaaffi^y =»^JB9ds*»bS^ 

fcSO I**E*rflSBB*»(H*ii:-r)fcA*i^ S&HSSrt 
Force Microscope: A FM) £:ir y h-fZ> 0 ^LT, $5 

offl*l-MS^i%ti-6o 

[0 0 4 2] S O I m&Lfctt UTf^ra^Rftft 

T\ WP^7;^$^/^-y«oTAFM 

u»ti2 u «bb^ y^^i9 i-smub 1 1 so 
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fiKi-e(H2(a)t^i-) 0 wtot#, ±is*ffi^>y=^ 

«10i45, ±tBAFMfi§*rl 2tf>«JElS-5 1 

AFM8B4H 2*3fe*-rsa«»i, 0. l-10ym/ 
sec*SfflV^tU-5^ 7. 5 iim/secfc£ 9 iff* Ll\, 
[0 04 3]fc SOISK, SSfttf^-CfiftSft 

3 : 7 0ftd£0i^fftt0 1 xnM h y fvuxTTV/l' 
is?>> [CH3(CH 2 )i7 SiCa] »«*twS»U #Jl 

(o^nia^^ji 8 -istmiSL £ tix ^ 6 - t & a 

F Ml^J: <9 MB Lfe(B2 (b) {w^"T) 0 
[0 0 4 4] JtfESO I SRSr, H2(c)l:^t 

X 5tw> NH4 F/H2 02/Hz0^1 0:3:10 0 <73fiJ 

[0 0 4 5] :^)i:5(iUSOlMIIiM^ 
y-*Sffi4t K^yli6 fc *»-SiSJI»±HBr^ 

PflW**>ttr«?IJi- -5** d J l Onm<7)4fll 

0yy3yg7A«^t^6^^^ 0 £<b 
(WtS'>y = ^»7AB±«:i/y ay!W««7 

&<d^>v 3y|7A^y-xti4 t^y =»^*^« 

«7B(g^5nmgS)t««tS-^ KWVUi 
6 5a^v^y =j^*7 At Kw^r^m«i6 tSrS^^y 
= >-3RJ9«« 7 B (itS 5 n mgl) U X 1/ > 5 C t 

[0 0 4 6] ±IB*«^-h7>'^^^»3S*&"ef4. 

y-*nm4 hmfes . ku-t v«ffi6*3«ttf'>y 

=i >- h /ufi^ * tfi" -5 ^ ^ * /HB« 7 # — ff ^ ^ 
Stt, **«l*dSJ:<. (Rl-Srtli2*7tiWligB^JS^ 
fe»ffdS*fenmS«^W»*^Ji8*U^^ h t IT 

i?x h^"^y^AFMi:j:5ty y y^77^- 
* -\ztt^xm&xm\<^^mbmmxmmjjtt&ft o 

[0 0 4 7] (»2*JfiJgffi)ig3(a)'-(c)«C^55M^ 

laiMI^iti 1 h7y^x^(7)M^^t 
£fc&6<DXS[g£^UTi/>5 0 ^(O^-m^- H9y^^ 

[0 0 4 8] C(7)S2lMi^iT-h7y^^ 
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f*. 8 3(b)* xm i mmmmx^ £ tutmrn^^ t m 
-*m®2 4 <t kk^is2 6 t<Dm^^^/umm 
[oo4 9] ^3( a )(^tj:5i^ / m\ t mni&m<nm 

2(a)-(c)^^M(:J:ot s y-*«ffi. KW 
^^-V^®«<Jr^6^#^«3 OJ^<D®iffc£^ffcL 

0 3(b)tw^-r£ y-xii2 4,y-his 10 
2 5 , K^yii2 e^o^u^v-y a^n y K3 3 

Sffi*WtfAFM3£«t;iiry h U AFMM-SOI 
SKM^i OV(«*M*^r^)«#*rHJiPUfc«tB 

-c% y-xmuz 4 kw ^m^2 6 1 (DmizHzittf 

n^n >^ K3 3 LTB&ilWl^fpJl- A F Mg££f 
lrMt6^ t>> 0 3(c){^fJ:^i, ->y a 
j/ K3 3<0 4 0<7)S!5^S:Sf^raiH(#?J 1 0nm)£:£> 

[00 50] ^U^ ^*t^h7^^W^y3 
>n <y K3 3^AFM«»a 0 SffllcflB^fcJ&S*, R 

->y =i y h y^/vpii 3 4) h 7 yv' 

[0051] :^2WOTlfF7y^^j3 

* *s X tM: <£>§Bg#ifc £ |p!«<7«a**^r lt^5 n so 

[0052] ±ib* U2 m&j&mnmm* k 9 ^ ^ 
^fta»ofc#tt - h^yy^a^f/W^ 

[0 0 5 3] ±12*1 J2«t«lim 

x^y s^^ft***-*-**®^ h7y^^i-ot^R 40 

fllfc^ ***fiv^y 3^lwR?>f, GaAs^(OteO 

-g\ SO I SStftftbtH^ MOCVD(t»M^fi 

MB E (^H^ ^r^t^) 
^^-^/UjaSlnJ: <9 GaAs/ AlGaAs/ GaAs(sub.) 
fcV^ 5 UT, AlGaAs&femm k LTffll^ 

[0 0 54] *fc, ±15*1 .fg2#?Jfc^ffi-Cfi. *S 

i^h7^^«t y-^«ffi4,Kwytg 

6 ^l^-ffirt^*J5KSn^y- h WW:** LfclNf K so 
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^ttty- hiMMUfc h7^^Mft J: 
F I B (Focused Ion Beam) ^SS!^ 

[0055] *fc. ±12*1 .m^mmmxk^ mm 

ft+k Lt hy ^nn7f7y/k>7^ffll/« #J 
;LtfHS (CH 3 )i7 SiClaO^T^T-^^^tbf^ v-y 
=3^®{-SiCl3S^Pii*i--50T% *#^R£>Sffi 

[0056] *it % ±* 1 jt*3fB«-ett, ->yayw 

®igc7Bi-J:«9, y^il4i:^y3y|7A^g 
IKU Ki/-fvti6t^y3y*7AkS:16l*U R 

SE-r-sv'y nyS7 A^iBtrwaufca^ '/yayw 

ttttttft < £ t <t < > TiftJftlBUl^* 2 |»B«tB<oaKI: 

*>y hy^/^i^^^tt^«tii< *a« 
y-^ii^yy^yl^* KWV'Wfii: 
->y3y»^B, *3j:t5, »s^6^y ^A^ratr 

[0 0 5 7] S&fc, ±12*1 ,JB2H)Bgllfrett. 

y^y|7A,3 5^y-^mffi4<^ KU-f ^«K6 k 
©W^iffill±^»5iJ-*-SJ:5^«*Ufc^ ^ftr^ft 

«taMfc±^«EW-rs i b<o^i»?>-f. y-^iii kw 

>"Sffi<b Sr«-Siil»±fcBf3e<z>IBRI*r*>»+X«EW-rs J; 5 
tcy-*®^ KW ^«ffit^Pflt^jg^Stbx 
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